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Abstract of JP11307810 
PROBLEM TO BE SOLVED: To provide a 
semiconductor light emitting element, the operating 
voltage of which can be lowered and the output of 
which can be increased when InGaAlP is used for 
forming the element. SOLUTION: When a contact 
layer 22 doped with a prescribed amount of carbon 
is provided in a semiconductor light emitting 
element 10A, the contact resistance of the element 
10A with an ITO electrode 16 can be lowered. 
Carbon is not diffused and, therefore, does not 
deteriorate the characteristic of the light emitting 
element like zinc does. In addition, when a band gap 
layer 21 having an intermediate band gap between 
those of the contact layer 22 and a clad layer 13 is 
interposed between the layers 22 and 13, the flown- 
in of positive holes is accelerated and the resistance 
of the element is lowered, because the band 
discontinuity of a valence band is relieved. 
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Description of corresponding document: US6350997 



BACKGROUND OF THE INVENTION 

[0002] This invention relates to a semiconductor light emitting element. More specifically, the inven 
relates to a semiconductor light emitting element made of InGaAlP materials on an n-type GaAs sub 
and including a transparent electrode on its emission surface, which is reduced in operative voltage i 
increased in optical output by inserting one or both of a carbon-doped p-type GaAlAs layer and p-ty 
GaAs layer between the transparent electrode and a cladding layer. 

[0003] Semiconductor light emitting elements are widely expanding their field of application to 
indoor/outdoor displays, railway /traffic signals, compartment/cabin lamps, and so on, because of a n 
of advantage they have, such as compactness, low power consumption, reliability, for example. Espe 
those using as the light emitting layer an InGaAlP material, which is a quaternary compound 
semiconductor, can be adjusted in composition to emit light in wide wavelength bands from red to g 
[0004] In the present application, "InGaAlP" pertains to semiconductors of any composition made b; 
changing mole fractions x and y in the composition formula InxGayAll-x-yP within the range satisf 
0<=x<=l, 0<=y<=l, and (x+y)<=l. That is, mixed crystals such as InGaP, InAlP, InGaAlP, GaP an< 
GaAlP are also grouped into "InGaAlP". Additionally, there are also involved mixed crystals contaii 
arsenic (As) in addition to phosphorus (P) as group V elements. 

[0005] For years, n-type GaAs substrates using silicon (Si) as the impurity have been typically used 
substrates of InGaAlP light emitting diodes (LED). 

[0006] FIGS. 10 through 12 are cross-sectional views schematically showing InGaAlP semiconductc 
emitting elements as comparative examples, which were experimentally made by the Inventor in the 
of researches toward the present invention. 

[0007] The light emitting element 100A shown in FIG. 10 includes an n-type GaAs buffer layer 102 
type InGaAlP cladding layer 103, InGaAlP active layer 104, p-type InGaAlP cladding layer 105, anc 
(indium tin oxide) transparent electrode 106 sequentially stacked on an n-type GaAs substrate 101, a 
further formed are a p-side electrode 107 and an n-side electrode 108. The semiconductor layers 101 
through 105 are epitaxially grown by metal organic chemical vapor deposition (MOCVD), for exam 
[0008] In the light emitting element 100B shown in FIG. 1 1, a p-type GaAlAs current diffusion laye 
on the p-type cladding layer 105 so that a current injected from the p-side electrode 107 disperses an 
spreads in a direction parallel to the element surface. The same components as those of the light emi 
element shown in FIG. 10 are labeled with common reference numerals, and their explanation is om 
here. 

[0009] In the light emitting element 100C shown in FIG. 12, a p-type GaAs low-resistance contact h 
1 10 and the transparent electrode 106 are stacked on the p-type cladding layer 105. 
[0010] InGaAlP LEDs shown in FIGS. 10 and 12, however, involve serious problems in their operat 
characteristics. Problems are particularly serious in the structure shown in FIG. 10, and it has not be< 
brought into practice to date. One of reasons of the problems lies in the use of the transparent electro 
106. The purpose of the transparent electrode 106 is to ensure uniform extension of a current along t 
emission surface and make a uniform light emitting intensity profile. However, the transparent elect 
106 is an n-type semiconductor like ITO (indium tin oxide), for example, and the cladding layer 105 
contact therewith is a p-type semiconductor. Therefore, when a forward voltage is applied to LED 1( 
reverse-biased state is formed between the transparent electrode 106 and the p-type cladding layer II 
a result, almost no current flows as shown in FIG. 2 as "Comparative Example (1)". 
[001 1] The light emitting element 100C shown in FIG. 12 includes, between the p-type cladding lay- 
and the transparent electrode 106, the p-type GaAs low-resistance contact layer 110 doped with a pit 
zinc (zn) ( 1 * 10<20 >cm<-3>). As a result, the contact resistance decreases, and relatively good cun 
voltage characteristics are obtained as shown in FIG. 2 as "Comparative Example (3)". 
[0012] However, here arises another problem caused by doping of a large amount of Zn. Zinc tends 
diffuse under heat or current. The large amount of zinc doped into the p-type GaAs layer 110 diffuse 
only during crystal growth but also during operation of the element (when a current is supplied), and 
deteriorates the quality of the active layer 104 for emission, and adversely affects initial characteristi 
lifetime characteristics of the element. As a result, as shown in FIG. 7 as "Comparative Example (3) 
element is low in optical output, and rapidly deteriorates toward reducing its lifetime. If the dope am 
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of zinc is reduced (1*10<19 >cm<-3 >or less), then the p-type GaAs layer 110 loses its function as t 
low-resistant contact layer, and the element results in involving the same problem of bad current-vol 
characteristics. 

[0013] In the light emitting element 100B shown in FIG. 1 1 , the p-type GaAlAs current diffusion la? 
is provided instead of a transparent electrode on the emission surface. In the p-type GaAlAs layer 10 
mole fraction of Al is increased to transmit light from the active layer 10 5 and zinc is doped to decre; 
resistance. Since a dope amount of zinc of approximately 1*10<18 >cm<-3 >is sufficient therefor, tl 
problem malfunction caused by diffusion of zinc, involved in he light emitting element 100C shown 
FIG. 12, need not be worried about so much. Also, since the transparent electrode 106 is not used, h< 
not the problem involved in the light emitting element shown in FIG. 10. That is, the light emitting e 
100B shown in FIG. 1 1 has good current- voltage characteristics as shown in FIG. 2 as "Comparative 
Example (2)". 

[0014] However, this element also involves the problem that, since specific resistance of the p-type 
GaAlAs layer 109 is not as low as that of the transparent electrode, the current injected through the 
electrode 107 does not spread uniformly over the entire emission surface of the element. To solve th 
problem, it is necessary to increase the thickness of the p-type GaAlAs layer 109 as thick as approxi 
4 [mu]m or more so as to reduce the current- spreading resistance. However, the thicker layer require 
longer time for the crystal growth, and invites the problem of a higher manufacturing cost. 
[0015] As reviewed above, in comparative semiconductor light emitting elements, it was difficult to 
a sufficiently low resistance at the p-side, various approaches for overcoming it invited various prob 
such as deterioration of characteristics caused by diffusion of zinc and an increase of the manufactur 
cost, for example. 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the invention to provide an InGaAlP semiconductor light emitting 
element operative with a lower voltage and ensuring higher output than conventional elements. 
[0017] According to the invention, there is provided a semiconductor light emitting element compris 
an emission layer made of InGaAlP generating a light; a p-type contact layer made of a semiconducl 
doped with carbon as a p-type dopant; and a transparent electrode layer in contact with said p-type o 
layer, said light generated at said emission layer being emitted through said transparent electrode. 
[0018] In the present invention, a contact layer doped with a predetermined amount of carbon may b 
provided to decrease the contact resistance at the contact with the ITO electrode. Unlike zinc, carbor 
not diffusion and does not deteriorate the property of the element. 

[0019] An intermediate band gap layer having an intermediate band gap between those of the contac 
and the cladding layer may be interposed between the contact layer and the cladding layer to alleviat 
discontinuity between their valence bands, thereby promote inflow of holes and decrease the elemen 
resistance. 

[0020] The present invention is used in the above-explained modes and performs the following effec 
[0021] According to the invention, by using the carbon-doped low-resistance ptype contact layer 
interposed between the p-type cladding layer and the transparent electrode, the contact resistance at 1 
contact with the transparent electrode made of an n-type semiconductor can be reduced effectively, z 
element resistance upon application of a forward voltage to the semiconductor light emitting elemen 
be reduced. 

[0022] Additionally, the p-type intermediate band gap layer interposed between the p-type cladding 
and the p-type contact layer and having an intermediate band gap between band gaps of these layers 
alleviates band discontinuity of their valence bands, thereby promotes inflow of holes, and further re 
the element resistance. 

[0023] Moreover, the invention realizes a semiconductor light emitting element remarkably excellen 
lifetime characteristics. That is, the invention uses carbon as the dopant for reducing the element 
resistance. Carbon does not readily diffuse in semiconductors, and removes the problem of deteriora 
element characteristics caused by diffusion of the dopant into the active layer. Thus, the invention er 
remarkably excellent lifetime characteristics as compared with those of conventional light emitting 
elements using zinc. 

[0024] Furthermore, the invention realizes a semiconductor light emitting element with a uniform er 
intensity profile. That is, in conventional light emitting elements using a p-type GaAlAs current diffi 
layer, specific resistance of GaAlAs is not as low as that of the transparent electrode, there was the 
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problem that current does not spread uniformly over the entire emission surface. In contrast, the inve 
ensures sufficient diffusion of current throughout the area from the proximity of the electrode to the 
outermost peripheral portions of the light emitting element, and thereby promises a uniform emissioj 
intensity profile throughout the entirety of the emission surface of the light emitting element. 
[0025] Simultaneously, the invention improves optical output of the light emitting element. It promi: 
optical output as large as approximately 1.5 times of optical output of a conventional light emitting 
element. 

[0026] Furthermore, as a result of remarkable reduction of the element resistance, temperature 
characteristics of the light emitting element is improved in the present invention. That is, since the h« 
generation caused by an element resistance decreases in he present invention, the element can be sta' 
in operation under high temperatures. This results in enabling the use of semiconductor light emittin 
elements under various severe conditions heretofore unacceptable, and largely extending the field of 
applications of semiconductor light emitting elements. 

[0027] As described above, the invention can provide an InGaAlP light emitting element reduced in 
element resistance and excellent in emission characteristics and lifetime characteristics, and its indus 
merit is great. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The present invention will be understood more fully from the detailed description given herel 
and from the accompanying drawings of the preferred embodiments of the invention. However, the 
drawings are not intended to imply limitation of the invention to a specific embodiment, but are for 
explanation and understanding only. 
[0029] In the drawings; 

[0030] FIG. 1 is a cross-sectional view schematically showing construction of a semiconductor light 
emitting element according to the first embodiment of the invention; 

[0031] FIG. 2 is a characteristic diagram showing current-voltage characteristics of a semiconductor 
emitting element 10A according to the invention; 

[0032] FIG. 3 is a diagram showing the band structure of the light emitting element 10A according t- 
invention; 

[0033] FIG. 4 A is a diagram schematically showing construction of an element experimentally prep* 
for evaluation; 

[0034] FIG. 4B is a graph showing current-voltage characteristics of the element for evaluation; 
[0035] FIG. 5 is an explanatory diagram showing emission intensity profiles of light emitting elemei 
combination of a plan view of the light emitting elements and a graph showing emission intensity pr 
taken along their X-X lines; 

[0036] FIG. 6 is a graph showing optical output characteristics of light emitting elements, taking cur 
along the abscissa and optical outputs along the ordinate; 

[0037] FIG. 7 is a characteristic diagram showing lifetime characteristics of the light emitting eleme: 
according to the invention and a comparative light emitting element; 

[0038] FIG. 8 A is a cross-sectional view schematically showing construction of a semiconductor lig! 
emitting element according to the second embodiment of the invention; 

[0039] FIG. 8B is a cross-sectional view schematically showing a modified version of the element 
according to the second embodiment of the invention; 

[0040] FIG. 8C is a cross-sectional view schematically showing another modified version of the eler 
according to the second embodiment of the invention; 

[0041] FIG. 9 is a cross-sectional view schematically showing a semiconductor light emitting eleme: 
according to the third embodiment of the invention; 

[0042] FIG. 10 is a cross-sectional view schematically showing a first comparative InGaAlP 
semiconductor light emitting element; 

[0043] FIG. 1 1 is a cross-sectional view schematically showing a second comparative InGaAlP 
semiconductor light emitting element; and 

[0044] FIG. 12 is a cross-sectional view schematically showing a third comparative InGaAlP 
semiconductor light emitting element. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0045] Explained below are some embodiments of the invention with reference to the drawings. 
[0046] FIG. 1 is a cross-sectional view schematically showing a semiconductor light emitting eleme: 
according to the first embodiment of the invention. The light emitting element 10A shown here inch 
n-type buffer layer 12, n-type cladding layer 13, active layer (emission layer) 14, p-type cladding la} 
p-type intermediate band gap layer 21, p-type contact layer 22, and transparent electrode 16 sequent] 
stacked on an n-type GaAs substrate 11, and further formed are a p-side electrode 17 and an n-side 
electrode 18. 

[0047] The p-type contact layer 22 is made of a semiconductor material having a relatively small bai 
as compared with the cladding layer 15, and doped with carbon (C). Its material may be, for examplt 
GaAs. 

[0048] The intermediate band gap layer 21 has an intermediate band gap between those of the p-type 
cladding layer 15 and the contact layer 22. Its material may be, for example, GaAlAs or InGaAlP, ar 
be selected appropriately depending on band gaps of the cladding layer 5 and the contact layer 22. 
Preferably, the intermediate band gap layer 21 is also doped with carbon to exhibit a p-type. 
[0049] In this embodiment, the contact layer 22 made under the transparent electrode 16 and doped ^ 
carbon (C) remarkably decreases the resistance of the p-side, and thereby reduces the operation volt* 
the semiconductor light emitting element. The intermediate band gap layer 21 alleviates discontinuit 
valence bands and reduces the element resistance. Since carbon doped into these layers does not easi 
diffuse, deterioration of the element thereby need not be worried about. 

[0050] Explained below is a method for manufacturing the light emitting element 10A according to 1 
invention, with reference to a specific element structure. The semiconductor layers 12 through 22 on 
GaAs substrate 1 1 can be made by epitaxially grown using metal organic chemical vapor deposition 
(MOCVD), for example. 

[0051] Exemplary approximate thicknesses and materials of these layers are: 0.5 [mu]m thick GaAs 
buffer layer 12, 0.6 [mu]m thick InAlP as the n-type cladding layer 13, 0.3 [mu]m thick InGaAlP as 
active layer 14, 0.6 [mu]m thick InAlP as the p-type cladding layer 1 5, 0.1 [mu]m thick GaAlAs as t 
type intermediate band gap layer 21, 0.04 [mu]m thick GaAsiC (doped carbon) as the p-type contact 
22. Composition of the active layer 14 may be appropriately determined to adjust the emission wave 
to a predetermined wavelength band such as red, orange, yellow, yellow-green or green, for example 
Composition of GaAlAs forming the intermediate band gap layer 21 is preferably determined to mal 
intermediate band gap between the band gaps of the cladding layer 1 5 and the contact layer 22. 
[0052] Source materials usable in MOCVD are, for example, organic metals such as trimethyl galliu 
(TMG), trimethyl aluminum (TMA) and trimethyl indium (TMI), and hydride gases such as arsine (, 
and phosphine (PH3), for example. 

[0053] The buffer layer 12 and the n-type cladding layer 13 are doped with silicon (Si) as an n-type 
impurity whereas the p-type cladding layer 15 is doped with zinc (Zn) as a p-type impurity. The 
intermediate band gap layer 21 and the contact layer 22 are doped with carbon (C) as a p-type impur 
Usable source materials of impurities such as silicon, zinc, carbon, etc. are, for example, silane (SiH 
dimethyl zinc (DMZ) and carbon tetrabromide (CBr4). 

[0054] For crystal growth by MOCVD, the temperature is set at approximately 700[deg.] C. After gi 
respective layers, electrodes are formed, and the substrate is divided into chips to complete light emi 
elements. 

[0055] Usable as the material of the transparent electrodes 16 are optically transmitting, electrically 
conductive materials such as ITO (indium tin oxide), tin oxide and indiua oxide. These materials car 
stacked by sputtering, for example. 

[0056] FIG. 2 is a diagram showing current-voltage characteristics of the semiconductor light emitti] 
element 10A prepared in this manner. For the comparison purpose, FIG. 2 also shows characteristics 
comparative elements of FIGS. 10 through 12 as "Comparative Examples (1)" through "Comparativi 
Examples (3)". 

[0057] As understood from FIG. 2, in the semiconductor light element 10A according to the inventic 
forward current suddenly increases under the voltage of approximately 2 V. That is, it exhibits curre: 
characteristics further more excellent than "Comparative Example (2)" which shows characteristics < 
light emitting element 100B shown in FIG. 1 1 as having the thick p-type GaAlAs current diffusion 1 
109. 

[0058] A reason why the invention attains such good current- voltage characteristics lies in that the c, 
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doped, low-resistance p-type GaAs contact layer 22 and the p-type GaAlAs intermediate band gap h 
are inserted between the p-type cladding layer 15 and the transparent electrode 16. The p-type conta< 
22 has the role of reducing the contact resistance with the transparent electrode 16. The intermediate 
gap layer 21 functions to alleviate discontinuity between valence bands of the Stype GaAs contact la 
and the p-type InGaAlP cladding layer 15. 

[0059] FIG. 3 is a diagram schematically showing the band structure of the light emitting element 1( 
according to the invention. There is a difference of approximately 0.6 eV between valence band enei 
Ev of the contact layer 22 doped with a plenty of carbon and the p-type cladding layer 15. If these la 
are formed in direct contact, a high barrier is made by the discontinuity of valence bands, and when ; 
forward voltage is applied, inflow of holes is blocked, and the resistance increases. In contrast, the p 
invention interposing the semiconductor layer 21 having an intermediate band gap between the contc 
layer 22 and the cladding layer 15 alleviates the discontinuity of valence bands, thereby promotes in 
holes as shown by arrows inFIG. 3, and successfully reduces the element resistance against the forw 
bias. 

[0060] For example, if the cladding layer 15 is made of InAlP and the contact layer 22 is made of & 
the intermediate band gap layer 21 is preferably made of Gal-xAlxAs in which the mole fraction x c 
aluminum is selected in the range of 0.5 to 0.7. This range of composition decreases the discontinuity 
valence bands at the junction between the cladding layer 15 and the intermediate band gap layer 22 i 
between the intermediate band gap layer 22 and the contact layer 22 to approximately 0.3 eV, and th 
reduces the element resistance sufficiently enough to promote inflow of holes. 
[0061] Carbon is a preferable dopant of the intermediate band gap layer 21 because carbon does not 
diffuse and does not invite deterioration of characteristics, unlike zinc, as explained before. Its dopin 
amount is preferably not less than 4* 10<17 >cm<-3 >to prevent an increase of the element resistano 
[0062] If the doping amount of the contact layer increased, the thickness d of the depletion layer (ba 
between the electrode 16 and the contact layer 22 becomes thinner. When the thickness decreases to 
[mu]m approximately, holes completely tunnel the barrier, and nothing disturbs the inflow of holes. 
Therefore, the element resistance there remarkably decreases. 

[0063] The element resistance can be reduced acceptably even when the thickness of the depletion h 
decreases as thin as 0.01 [mu]m or less. To confirm it, the Inventor actually made samples and evalu 
them as explained below. 

[0064] FIG. 4A is a diagram schematically showing construction of the evaluation element. FIG. 4B 
graph showing current- voltage characteristics of the evaluation element. 

[0065] As shown in FIG. 4A, the sample element for evaluation has the structure stacking the contac 
22 and the ITO electrode 16 on the p-type GaAs substrate 25. The doping amount of carbon into the 
contact layer 21 was changed as 5*1 0< 18 >cm<-3 >and 3*10<19 >cm<-3 >to prepare three kinds of 
samples. The thickness of the p-type GaAs substrate 25 was approximately 250 [mu]m. Then, a volt 
was applied to these evaluation elements to be reversed at the junction of the ITO electrode 16 and ti 
contact layer 21 as shown in FIG. 4 A. The voltage polarity corresponds to a forward voltage in the li 
emitting element. 

[0066] As a result, as shown in FIG. 4B, there was confirmed the tendency that, as the doping amouj 
carbon increases, the element resistance decreases, and with a doping amount of approximately 1* 1( 
>cm<-3 >or higher, the element resistance suddenly decreases. That is, it has been confirmed that dc 
carbon in the amount of 1 * 1 0< 1 9 >cm<-3 >or more can remarkably decrease the element resistance. 
[0067] Next explained is how the light emitting element according to the invention is improved in si 
emission profile and in optical output, comparing with comparative examples. 
[0068] FIG. 5 is an explanatory diagram of the emission intensity profile of the light emitting elemei 
FIG. 5 shows, in combination, a rough plan view of the light emitting element and a graph showing : 
emission intensity profile taken along the X-X line of the plan view. FIG. 5 also shows characteristic 
the light emitting element shown in FIG. 1 1 as "Comparative Example (2)" together with those of th 
emitting element 10A according to the invention. The light emitting element as "Comparative Exam 
(2)" has a p-type GaAlAs current diffusion layer 109 in lieu of a transparent electrode on the emissic 
surface. 

[0069] In Comparative Example (2), there is the problem that, since the specific resistance of the p-t 
GaAlAs layer 109 does not decreases as low as that of the ITO transparent electrode, the current doe 
spread uniformly over the entire emission surface. That is, as shown in the graph of FIG. 5, he emiss 
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intensity profile of Comparative Example (2) is not uniform. Additionally, although emission is intei 
around the electrode, the current does not flow sufficiently to peripheral portions of the element, and 
emission intensity suddenly decreases. In contrast, the intensity profile of the light emitting element 
according to the invention is uniform over the entire emission surface, and the current spreads over z 
sufficient area from the proximity to the electrode to the outermost peripheral portions of the elemen 
which evidences uniform and intensive emission. 

[0070] According to the invention, along with such improvement in emission intensity profile, optic; 
output of the element was also improved. 

[0071] FIG. 6 is a graph showing optical output characteristics of the light emitting element. In FIG. 
abscissa shows the current, and ordinate shows the optical output. Here are also shown characteristic 
the light emitting element shown in FIG. 1 1 as "Comparative Example (2)" together with those of th 
emitting element 10A according to the invention. It is confirmed here that the light emitting element 
according to the invention has been improved also in optical output together with the improvement i: 
emission intensity profile, and exerts optical outputs as large as approximately 1.5 times the optical < 
of the light emitting element of Comparative Example (2). 

[0072] Next explained is how the light emitting element according to the invention has been improv* 
lifetime characteristics, in comparison with comparative examples. 

[0073] FIG. 7 is a diagram showing lifetime characteristics of the light emitting element 10A accord 
the invention and light emitting elements as Comparative Examples. Comparative Example (3) has z 
structure stacking the p-type GaAs low-resistance contact layer 1 10 doped with a large amount of zi) 
( 1*10<20 >cm<-3>) on the p-type cladding layer 105 as shown in FIG. 12. The element as Compar; 
Example (3) is weak in initial optical output as illustrated, and rapidly deteriorates due to dispersion 
zinc. 

[0074] In the element as Comparative Example (2), the p-type GaAlAs current diffusion layer 109 is 
instead of a transparent electrode. Although the element of Comparative Example (2) exhibits relatn 
good lifetime characteristics as illustrated, the thick p-type GaAlAs current diffusion layer 109 incre 
the manufacturing cost. 

[0075] In contrast to these Comparative Examples, the light emitting element 10A according to the 
invention is excellent also in initial characteristics of optical output, and very stable in lifetime. That 
invention successfully reduces the element resistance and improves the emission output by doping a 
amount of carbon instead of zinc into the p-type GaAs layer 22. Since carbon does not readily diffus 
unlike zinc, even with a large amount of doped carbon, deterioration of element characteristics need 
worried about. As a result, good lifetime characteristics as shown in FIG. 7 can be obtained. 
[0076] Next explained is the second embodiment of the invention. 

[0077] FIG. 8A is a cross-sectional view schematically showing construction of a semiconductor \ig. 
emitting element according to the second embodiment of the invention. The light emitting element 1 
shown here also includes a plurality of semiconductors stacked on the n-type GaAs substrate 11. Th* 
sequentially stacked are the n-type GaAs buffer layer 12, n-type InGaAlP cladding layer 13, InGaAl 
multi-quantum well active layer 26, p-type InGaAlP cladding layer 15, p-type GaAlAs intermediate 
gap layer 21, p-type GaAs:C contact layer 22, and ITO (indium tin oxide) transparent electrode 16. 1 
formed are the p-side electrode 17 and the n-side electrode 18. 

[0078] The embodiment shown here additionally includes a current blocking layer 23 between the p- 
contact layer 22 and the ITO electrode 16. The current blocking layer 23 is selective formed to local 
immediately under the p-side electrode 17 formed on the surface. Even when emission occurs under 
side electrode, light is blocked by the p-side electrode 17 and cannot be taken out externally. In the 
embodiment shown here, having the current block layer 23, it is prevented to inject a current under t 
side electrode 17 to prevent useless emission, and thereby to improve the light extraction efficiency. 
[0079] The embodiment shown here also has an optical reflection layer 24 under the n-type cladding 
13. The optical reflection layer 24 reflects the downward emitted light from the active layer 14 to re- 
it upward. The optical reflection layer 24 may be a so-called Bragg multi-layered reflector in which 
kinds of semiconductor layers different in refractive index are stacked alternately. More specifically, 
multi-layered structure with 10 to 20 cycles of layers of InAlP/InGaAlP or InAlP/GaAs, for example 
desirable as the optical reflection layer 24. 

[0080] The embodiment shown here uses the InGaAlP multi-quantum well active layer 26 as its emi 
layer on the n-type cladding layer 13, and thereby improves its emission output more than the use of 
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typical InGaAlP active layer 14. 

[0081] Also in the embodiment shown here, there are formed the p-type contact layer 22 and the 
intermediate band gap layer 21 doped with carbon. Therefore, here are also ensured various effects s 
remarkable reduction of the element resistance, uniform emission intensity, increase of optical outpv 
improvement of the element lifetime, and so on, which were explained with reference to the light en- 
element 10A according to the first embodiment. 

[0082] FIG. 8B is a cross-sectional view schematically showing a modified version of the instant 
embodiment. The semiconductor light emitting element 1 0B2 shown here also has a plurality of 
semiconductor layers on the n-type GaAs substrate 1 1 . Components identical to those of the semicoi 
light emitting element shown in FIG. 8 A are labeled with common reference numerals, and their det 
explanation is omitted. 

[0083] In the modified version shown here, the interface between the p-type InGaAlP cladding layer 
and the p-type GaAlAs intermediate band gap layer 21 exhibits irregularity to improve the extractioi 
efficiency of light emitted from the active layer 26 for the reason explained below. 
[0084] In a double-hetero structure as shown here, refractive index of the cladding layer 15 is smalle 
that of the intermediate layer 21 formed thereon. As a result, if the interface is flat and smooth, light 
emitted from the active layer 26 and entering aslant to the interface between the cladding layer 1 5 ar 
intermediate layer 21 is liable to be totally reflected, and extraction of light is disturbed. 
[0085] In the modified version shown here, making the bumpy interface between the cladding layer 
the intermediate layer 21, ensures that light components entering aslant to the light extraction surfaci 
pass through externally, depending upon angles of local planes where they enter. Additionally, totall 
reflected components of light repeat reflection by the irregular planes, and can pass through external 
when occasionally entering irregular planes by normal angles smaller than the critical angles. 
[0086] That is, as compared with the flat and smooth interface, the irregular interface increases the 
probability of entry of light by normal angles smaller than the critical angles. As a result, as shown b 
arrows A and B in FIG. 8B, the efficiency of external extraction of light emitted from the active laye 
i.e., external quantum efficiency, can be improved. 

[0087] The effect of these irregular planes can be obtained also when they are made along the interft 
between the intermediate layer 21 and the contact layer 22, or only on the surface of the contact laye 
for example, instead of the interface between the cladding layer 15 and the intermediate layer 21 . 
[0088] FIG. 8C is a cross-sectional view schematically showing another modified version of the inst 
embodiment. The semiconductor light emitting element 10B3 shown here also has a plurality of 
semiconductor layers stacked on the n-type GaAs substrate 1 1 . Components therein identical to thos 
the semiconductor light emitting element shown in FIG. 8A are labeled with common reference nurr 
and their detailed explanation is omitted. 

[0089] In the modified version shown here, an optical reflection layer is made on the p-type InGaAl] 
cladding layer 15. Optical reflectance of the optical reflection layer 28 is set lower than that of the o] 
reflection layer 24 located below to permit light to pass through and be exerted upward through the ] 
transparent electrode 16. 

[0090] In the light emitting element as the modified version shown here, light emitted from the activ 
26 is resonated by the optical reflection layer 28 and the optical reflection layer 24 to sharpen the eir 
spectrum and improve the monochromy. This is called a resonant cavity LED, and it is an advantage 
construction as LED for transmitting optical signals to optical fibers, for example. 
[0091] Resonance between the optical reflection layers 24 and 28 may be strengthened to cause lasei 
oscillation, thereby to realize a surface emitting laser element. 

[0092] Such resonant LEDs and surface emitting laser elements also ensure the same various effects 
mentioned with reference to FIGS. 1 through 7. 

[0093] Next explained is a cross-sectional view schematically showing construction of a semiconduc 
light emitting element according to the third embodiment of the invention. The light emitting elemer 
shown here also has a plurality of semiconductor layers stacked on the n-type GaAs substrate 1 1 . M< 
specifically, there are sequentially stacked the n-type GaAs buffer layer 12, n-type InGaAlP claddinj 
13, InGaAlP active layer 14, p-type InGaAlP cladding layer 15, p-type GaAlAs intermediate band g; 
layer 21, p-type GaAs:C contact layer 22 and ITO (indium tin oxide) transparent electrode 16. There 
further formed the p-side electrode 17 and the n-side electrode 18. 

[0094] In the embodiment shown here, the p-type contact layer 22 and the p-type intermediate band 



file://D:¥Kit^jima¥My%20Documents¥EPOV3¥JP1 1 30781 0.html 



2006/07/03 



JP1 1307810 



9/11 v 



layer 21 are selectively removed immediately under the p-side electrode 17 to make it difficult for a 
current to flow immediately under the surface electrode. That is, the removed portion behaves as a p 
current block layer to improve the light extraction efficiency as the above-explained element accordi 
the second embodiment. 

[0095] The embodiment shown here also provides the p-type contact layer 22 and the intermediate b 
gap layer 21 doped with carbon around the electrode 17. Therefore, it also ensures various effects su 
remarkable reduction of the element resistance, uniform emission intensity, large optical output, 
improvement of the element lifetime, which were explained with reference to the light emitting eleir 
lOA according to the first embodiment. 

[0096] Heretofore, some embodiments of the invention have been explained, while referring to spec: 
examples. The invention, however, is not limited to these examples. For example, structures of the 
semiconductor light emitting elements described above are not but some examples, and the invention 
applicable to semiconductor light emitting elements having other various structures using InGaAlP 
semiconductors as their emission layers (active layers) to obtain the same effects. Also regarding ma 
and compositions of respective layers forming the semiconductor light emitting element, appropriate 
may be selected from known materials and compositions and used similarly. 

[0097] For example, the active layer may be either as a so-called multi-quantum well (MQW) structi 
including an optical guide layer having an intermediate refractive index between the active layer and 
cladding layer, or as a so-called graded structure in which the composition of he cladding layer is gr; 
changed. 

[0098] While the present invention has been disclosed in terms of the preferred embodiment in ordei 
facilitate better understanding thereof, it should be appreciated that the invention can be embodied ir 
various ways without departing from the principle of the invention. Therefore, the invention should 1 
understood to include all possible embodiments and modification to the shown embodiments which • 
embodied without departing from the principle of the invention as set forth in the appended claims. 

Data supplied from the esp@penet database - Worldwide 
Claims of corresponding document: US6350997 



What is claimed is: 

[0099] 1. A semiconductor light emitting element comprising:an n-type cladding layer made of InGz 
an emission layer made of InGaAIP generating a light on said n-type cladding layer; a p-type claddii 
layer made of InGaAIP on said emission layer; a p-type contact layer made of GaAs over said p-typ< 
cladding layer, and doped with carbon as a p-type dopant; and a transparent electrode layer in contac 
said p-type contact layer, said light generated at said emission layer being emitted through said trans 
electrode. 

[0100] 2. The semiconductor light emitting element according to claim 1 wherein said p-type contac 
is doped with carbon in the amount of 1* 10<19 >cm<-3 >or more. 

* 

[0101] 3. The semiconductor light emitting element according to one of claim 1 further comprising i 
intermediate band gap layer interposed between said emission layer and said contact layer and made 
type semiconductor having a band gap larger than a band gap of said contact layer. 

[0102] 4. The semiconductor light emitting element according to claim 3 wherein said intermediate 1 
gap layer is doped with carbon as a p-type dopant. 

[0103] 5. The semiconductor light emitting element according to claim 4 wherein said intermediate 1 
gap layer is doped with carbon in the amount of 4*10<17 >cm<-3 >or more. 

[0104] 6. The semiconductor light emitting element according to claim 3 wherein said transparent 
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electrode includes indium tin oxide as a main component. 

[0105] 7. A semiconductor light emitting element comprising:an n-type cladding layer made of InGz 
an emission layer made of InGaAIP on said n-type cladding layer; a p-type cladding layer made of 
InGaAIP on said emission layer; a p-type contact layer made of GaAs on said p-type cladding layer . 
having a band gap smaller than that of said p-type cladding layer and doped with carbon as a p-type 
dopant; and a transparent electrode layer in contact with said p-type contact layer. 

[0106] 8. A semiconductor light emitting element comprising:an n-type GaAs substrate; an n-type cl 
layer made of n-type InAlP on said substrate; an emission layer made of InGaAIP on said n-type clai 
layer; a p-type cladding layer made of p-type InAlP on said emission layer; a p-type contact layer on 
p-type cladding layer made of a semiconductor having a band gap smaller than that of said p-type cl; 
layer and doped with carbon; and a transparent electrode layer in contact with said p-type contact la} 

[0107] 9. The semiconductor light emitting element according to claim 7 wherein said p-type contac 
is doped with carbon in the amount of 1 * 10<1 9 >cm<-3 >or more. 

[0108] 10. The semiconductor light emitting element according to one of claim 7 further comprising 
intermediate band gap layer interposed between said p-type cladding layer and said contact layer anc 
of a p-type semiconductor having a band gap smaller than that of said p-type cladding layer and larg 
that of said contact layer. 

[0109] 11. The semiconductor light emitting element according to claim 10 wherein said intermedial 
gap layer is made of AlGaAs. 

[0110] 12. The semiconductor light emitting element according to claim 1 1 wherein a mole fraction 
aluminum in AlxGal-xAs of said intermediate band gap layer is selected in a range of 0.5 to 0.7. 

[01 1 1] 13. The semiconductor light emitting element according to claim 10 wherein said intermedial 
gap layer is doped with carbon as a p-type dopant. 

[0112] 14. The semiconductor light emitting element according to claim 13 wherein said intermedial 
gap layer is doped with carbon in the amount of 4*10<17 >cm<-3 >or more. 

[0113] 15. The semiconductor light emitting element according to claim 10 wherein a interface betw 
said p-type cladding layer and said intermediate band gap layer exhibits irregularity to improve the 
extraction efficiency of light emitted from said active layer. 

[01 14] 16. The semiconductor light emitting element according to claim 10 further comprising a firs 
optical reflection layer arranged under said n-type cladding layer to reflect a downward emitted lighl 
said active layer upward. 

[01 15] 17. The semiconductor light emitting element according to claim 16 further comprising a sec- 
optical reflection layer arranged on said p-type cladding layer and having a reflectance lower than a 
reflectance of said first optical reflection layer to resonate a light emitted from said emission layer b; 
first optical reflection layer and said second optical reflection layer. 

[01 16] 18. The semiconductor light emitting element according to claim 10 further comprising a cur. 
blocking layer partially arranged between said p-type contact layer and said transparent electrode la) 
and a metal electrode layer arranged on said transparent electrode layer so as to essentially overlap s 
current blocking layer, an injection of a current under said metal electrode being prevented by said c 
blocking layer in order to prevent useless emission and thereby improving a light extraction efficient 

[01 17] 19. The semiconductor light emitting element according to one of claim 10 wherein said tran; 
electrode includes indium tin oxide as a main component. 
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»OFft^I2 USMSGaA 1 As©8 
^7 9FI15i3>^^H2 2i©tHIWa 

f*> » y*m?z>£ ^ cc^ae-ric <b**s* l 

[0 0 3 4]— MOCVDffi«:*JC»rffll>4Mf4<!: 
lt», h'J^^M^A (TMG) , F'j 

(TMA) 4 b V JT-JisJl/itOA 

(TM I ) K£<DmW&m j Ps TJbUZs (AsH 3 ) . 
**yj> (PH 3 ) &<i:(D*»ti^4W4Ci 

[0 0 3 5 ] rtv? rBl 2inS^7^ FBI 3^c« 
nl^«ii0rvy3> (Si) 4F-^U P^^ 
5^ FBI 5CC«pS!^RK%4Ut:ffilS (Zn) &F- 
t:>yT^>o ^L-C, WI^>F+>^12 1i3> 
^^hB2 2CC«, pST^iLt^ (C) *F- 



(5) 
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iS (DMZ) . QAtk&SR (CBr.) »5Ci# 
(0 0 3 6 ] MOCVD£K<££*SilJifcg©?&g« > f*J 

[0 0 3 7 ] 3§H^®1 1 6©M*4<t LTB, I 

TO (Indium Tin Oxide: Jlsi/'V 1*WM\M) #g 

<0Mm?2>CtWV£Z. 10 
[0 038] 02 B, C©J:5K:L/-C«f^Ufc*aW** 

i o a ©nag • mffi^^-r^tffl-c&s,, iaj 
i£^*> raesfeW (l) j ~ raaew (3) j <hi,-c0H± 

[0 039] mmfr hftfrhk *> K. *?B9i<Z>¥¥fttB 

lOAu. #>2 h-c«*iajm^*J^R(cti*p 
u rgf*^ ( 2 ) j «t n i> 3 h {c«tifc«flsi*tt*W 
-r*. a*, rgasffi (2> j b. hi uc^bfcj:^ 

WpIGaA 1 A s «?SSS£tfeJB 1 0 9^T5^ 20 
fflOO B©1$tt£gi-r *>©-?£>&„ 

[ 0 0 4 0 ] *«WJC*5«,»T. C<D£5lCBk!imWlM ■ 
®£#t£#«6*l-5SI£«. pS^^ ? FJ! 1 5 igHj 
«fil 6£©iUC. R**F-^Lfcffi»eipSGaA 

s3>$i>H22i plGaA 1 A s WhI^'V F*> 
» 7'JI2 1 £f¥ Alfc*P,t*^„ CCT, pf3>$ 

B. pIGaAs3>*i'H22ipIInGaAl 
Pir^'j FJB 1 5 t©ffiST«^> F©^SfeK££g*fl-r 30 

[0 04 1] @3(J, *^HJ©^31£JR^ 1 0 A©^<> F 

£StC F-f>^Ufc3>^» MI 2 2t pM??-; F 
gl 5©|S-fSi*KE vB, iftO. 6eV0tn 

l>tii, ®7j*bfc«fc$CC > 3>*i'H2 2ii'7"; F 40 
e 1 5 £©MKii*©*IBWIlS©><> F*> » 

[0 0 4 2 3 m«. J»7!;K115AiInAlPKJ: 
*)ffif&2ti> =i>Zt> hJI2 2*5Ga A s 
n&*&£fC« % »OF+>';7'I2 1B, Ga,., 
A UAsK&^TTJUS^ACfflfKitxASO. 5~ 

0. 7<DUmc$>&ct&M&n<K c©ffifiKffiffl«:fc so 



^Bff 1 1 -3 0 7 8 1 0 
8 

1>TB. >5? FB 1 5i4"H/0 F=¥> ? ?'B2 2 <t 

3>^^ ni2 2 t©g^ffifc-e-ti-en^RS$n-5fflBm 

•^©^*> F^iStt«*ift0. 3 e VfIS«:ffl>8HJ-r-5C 

-r&c 

[0 043] "flH'O F+> s> ?'B2 1 (c>Ff-r-S 

*tt. «TifiOfcJ:5«:*tlfcO«:< <. EtB©«fc5fc#te 
©&{fc&3l#ec;*&<r>#>6"C*£. S6fc. -?•© F — 
7"SB. ^ffitS;*itA3-ar*C»fc»«:. 4xi0"c 

[0044];XK, 3>*f hB2 2K*t 

tT-SekSR© F- f> y©Jtt*Kot»T 3 6KH¥ffltcp-N. 

[0 0 4 5 ] H1©F- t>S£it-^T <t, I 

TOIfil 6in>$i/H2 2<Dmc$ > &£2.m ( = 
^y7)Of3d*I<f<cS. C©J1St5J*jJ:^0. 0 

Umj5<K&5i 1 jE?LB^ y T *^fC F > L 
t:L/*5«fc^K:«:»3, jEJLWiftAS: £**•&*>©**&< 

ee-or. e©aj^*^»ffittsafE<6T-rs. 
[0046] itc, <g.2m<Dmzu. !^-ru*>o. 0 1 

[0047] i4 (a) u, mftutcmmmmi-oymm. 
zm?w®ffimm-c$>&„ H4 (b> «. 

[0 048] ffMBffl*^*. 1510 ( a ) iC^ bfc «fc 5 
fC. plGa A slf2 5©±tC3>^i' H12 2 i I 
TOtfil 8 4*BWS#fc«aS;Wt4. CCTB. 

n, SxiO^cm" 3 . 7 x 1 0 1 ' cm" 3 , 3X10" 
cm- 3 iL.fc3«S©^?ri5SfPL.fc. *fc. pSGa 
AsS«2 5©IfBft2 5 0Mmilfc. ^L-t, C 
©ffffiffl^tc, [U0 (a) (C7j\L//cJ;-5tc I TOSS 
16ia>$^H121 i©g^K-o^rjM73lSli^S 
J:^^^E^Entt]L/c„ c©*EE«tett. 

[0 049] f<Dfi*. [510 (b ) fC7nl/fc«fc ; 5K:. ^ 
-^M8ix l O^cm-^DfeiKtStiSlitc^ 
-^S* 1 x l 0"cm- ! «±itSCiKJ;D. ^ 

[0 050] 3jc^8©#65fe3R^-©aM^^© 

HSR0o-3«wr*. 05 B, ^£5R^©^*®S^* 
**t»«Br*4. I5J0 (a) t«6*«^- 

©itBS¥-E0-r * *3 . |b]0 (b) B-ecX-XiSHtffio 



9 

t>r«. wm<D§&a&i- 1 o a 1 1 bicm i i x.mm 

L/cfie*W ( 2 ) ©f8;^-?©'l#144>^L.fc 0 CC-C, 

(2) ©»**?«. *HliOK*)5K:pSG 
a A 1 A s HftEftffcJl 1 0 9 *f6*»HKRWfc«»* 

[0 05 1] ( 2 ) ©jRT-KfcOT «, pSGa 

A 1 A si 1 0 go&tSIUP I TOai8««««!fttfi< 
% 6 ftt »fc«>Cc > «SEAi^3!£S^f*icl^— 0CJS*J 6 & t> 
it^ffflSd***. T&*)*>. 05 (b) (C^U/cJ;^ 

k. (2) ©iwtejR^oti^Ktt. »*asft»* 
»3feurt>s*t. ^©^ssB^-r+^-tcsssE36s^n 

*»©»#*?■ 1 0 A®»W««363lBB©±ftK:jB->r 
[0 052] «tn« t C 5 Lfcf&#3Sg#7!>© 

^©^m^i4^-r^7^0r-*^„ pjh 

##6"!B©#63fcsit ^ 1 0 A 1 1 6 iC m 1 1 KffiK* L fcfE* 
« (2) ©#6#JfH 5 -©l«4fe*ty;fc. *»W©|S3(HR^- 

( 2 ) ©ffe&S^i Jt« b Tift 1 . 5 ffiKMfcHJ* 

[ o o 5 3 ] ac«c. *^©RXjft?©*MM»f£fc:*t-*' 

«. #*«©*#**• 1 0 A £fi£*W©#&1BR^-©#A 

«tt**-r«FttHt?*4. cct, rfifjfEffi (3) j 

«. 01 2fcm7Kbtc£>>t l Cpmi>r'v F 1 0 5©±(C 
(~1 x l 0 20 cm-3) ©ffiffifc K-^WcpIG 
aA sf£igta3>f d» hill 1 0 4r8WL/fc«Ki*W-r 
*. fifcfcW (3) ©Jtfftt. 0^Ufc<fc$K&88tt!g© 
*W***fi < . &*J*>~?a>ia©ffif$!K: J: -o r ftiSec&ft 

[0 054] —5?, fi£5fctaj ( 2 ) ©jJWCtel^Ttt. 2 
Bjme©Rfe OKpIGaAlAs SSSffitStH 1 0 9 # 

sw&*iti>£. cofifefctfj (2) ©*•?•»> wakistc 

^KlUpIGaA 1 A sSifcffifJtl! 1 0 9^M"rS 
[0 0 5 5 ] C*l6©«6*Mc*tl/C. *&w<Df&tm 
Sb-CC^. -T^cti^. ^Bjfcfcti-rtt, pIGaA 

si22 ccs«©ftb o icmmz&mic z>ct 



(6) ftmW- 1 1 -307 8 1 0 
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[0 056] *^©S|2©lltfe©Jf5SgK:-5C>-r 

mHj-r-s. 08 *^©^2©nii©0«6tc^s* 

^^^^©«jS*«-rftlBSBfffi0-C*S„ RHtcij* 
WcMiflOBfc, nIGaAslill©llC, 
1^©¥&ttJI£1f fttfe^ 
n§GaAs^y7Til2, nSlnGaAlP^? 
y FH 1 3 , I n G a A 1 P^HWFSffittl 2 
6. pSInGaAlP^7 7 K115, pSGaAl 
10 AsWOKft -^12 1 . piGaAs :C3> 
f 9M22. ITO (Indium Tin Oxide) MW&m 1 

6 s ti. $ e &c . P mmm 17. & «t o* n wj 
to 0 5 7 ] xmtmmiciis^xit, s^tc. psa> 

FJI2 2i I TOSil eiOHK, Sifc^n * * 
J12 3»t6htl,^„ SKSt/p?*^ 3«> StH 

ccjBj$3 n/c p in«s 1 7 <oiaT©ap^©*«:a*?wtc 

pfflijm® 1 7 £]^ftTj*SWC:M&&HSl«3 ffl-T C i^-C* 

20 cn«tur, ^^^©i^icmss^a^ ^ 

12'3 SriSW* CticJcK) . p ffliJUffi 1 7 ©TCcSft* 

[0 0 5 8] *S£|g^SStC*j^-C«. 111^7 5. 

FH 1 3©TCC3fcS*fJB2 4#f3:WiE>nTt,>-2>„ c©* 
JSS^Jl 2 4 CC J: 13 ffiftd 14*^6 0cfJ©TrSj » (cficffl § 
fttcmtZ!xM12&Tm<P<D±ftZlCMtii£i±, Kmc 
KOttitCi^S. CCf, *5lti24tt 1 j?Hx. 
«. JB»r**JStt4 2«H<0**»Jl*SEi:K:8IJ13l± 

ftWBKIi. WilK. InAIP/InGaAIP^I 
nA 1 P/Ga A s4t'©»SMil>t 1 0~2 0J1 

[0 0 59] Sfc. *SQfcJU«{C4it>r». nS>7' 3 
FJl©±©«jfeJi* I n G a A 1 P^fiS^#FSffitt 
^2 6itSCiT, jft£©I nGaA 1 PrSttd 1 4 

[0 06 0] *fc. 2^a6««tc*»t»r*>. F — 

f>^L/tpS=J>f ^ hJB2 2 id3p H 1/%-> K+> -^^ 

Trnfomma- 1 o a km u-ckiji l fc. jr^sr©* 
*«cfi«. «jeaas©«&-<t. Tfem^©*!^:. 

©3fcH& i'©«^ ©^**KfilK:f#4 C <t 
[0 06 1] ;XK, *IH8©*3<Z«at©^«{co«,>'C 
IttWrS. H9tt. *^Bj©^3©Jli£©Jf^c^* 

Wc^S^lOCt, nlGaAslSHOiK, 
W»©3N»fl£Jl*8WB3i*fc*/iS*Wrs. -r^cto^. 
nSGaAs«*-;77)S12, n!lnGaAlP>7 
50 ;>FJ!13, I nGaAl PffittiH, pIInGa 
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A 1 P * v v FH 1 5 . pSGaAlAs fUD'O F=F 
-e ? 2 1 . pSGa A s : C=i>£* hH2 2. I 
TO (Indium Tin Oxide) 2£HJJS«B 1 6*SJS^S»3 
n. 3 6^. p|M«17. fcJrtfnflWrai 8«9&iR 

[006 2] ^nigjgsiicfciirtt. pfflijm® 1 7 ©a 

TSP^©^. pS3>$* FB2 2<bpStf>K>'>*>K+* 
t»^82 lfcjgJRffKCBXDSoT:**. tftKJ:^, 

■fc. C©»*aB$Wi. f^WK*ifc:/i3? 10 

Mas l/c^ 2 *tt»«so*^-i ra*tc*oBi & osa* 

[006 3] #mt&BmiCi6^Xt>. Iil7© 

2 2ttpfflJi> F*> y7'J12 1 i«Wentl,^„ 

<b. *UH*©tt^. * : f*#©*#tt £©«*©«** 
[0064] Ut±. £{*W*#JH0oo#369J©3S*6© 20 

jB»{c-x>T&9Jofc. *»wh:. cne©* 

(ffitt*) KInGaAl PSfiftiffl^fc 

^SS©»f4^^fe. fiftl©fe©*6®fijlii?0T|aI 

[006 51 ^11 r£14Jl«:. l*t?i4^11T#F 
(MQW) M©1fj*£ 0"C4>^< . fSfflti^ 30 

9 FJli©l8!fcil#©#lfflW&JB#**W*S#;tf-Y F 

fr^S^u-^? Fa©«it£ Of 
[0066] 

[006 7] *•**. *»9J«:j:n«. pfi*?? P»i 
»Wl*<!:©IHUc. K**F-^0fcfiffiSi©pS3> 
hJB*RW4C<fctc«fc»). nffl*3W*T*SaHMI 
Si©IH-C*r*«lttJKi*5»*WK:fi«0-C. *alf* 40 
»jt«^-tc«Wl«l«E*HJ*P 0 fci*i^©JgT-i£lJi£{£T 

3 # -5 C 

[0 0 6 8 ] S6tC, #»ip!fc:J:tttf> pS*5»Fl 

s> P S^IH'O F*> ^1%8»5C <hK: 

J:D. flW^»©^>F^i*tt*»FPO. JE?L©«EA£ 

[006 9] Sfc. ##MB«:j:*itf. 

*»?|K:*Jl>rtt. *-3^fn:*fi«-rSfc»K— 'OF 50 



1SHJ¥1 1 -3 078 1 0 
12 

0(c<t>fc»tc. «ttJKcj£»or*^«tt*3e{bS-tt 
[0070] $ e.tc. *»ia«:*ji>"ctt. f&tmsusm 

«©pIGaA 1 A s ttttttlMrem»ft:9fc£S 
^CfcOTti. G a A 1 A s ©SJa^jSIBSgtii'tt: 

&i> 9 cntcato-c. *awtcj:n«. 

[oo 7.1 ] mmic$i§wi<cj:tii*. mtm+v>ytmj} 
^r6]±-ra„ -ra*>%. aE*©«3iaR^-ij:t«oritj 

1. 5IBO*fflM»«Ci#r*4. 

[0072] s etc. #iswc m+Wnzmm 
K«i*oteis»tor. «**^©fflaa*ttfc«»sn 

*UI*«fiT-rS©-C. ft*J: D «>J«ffl-C3fjeo-C»fP3 

[0 07 3 ] «±SMH0fcJ:9CC % *»WtcJ:titf. * 
-f-Sta*s<£^3n, «3l6«Fft-¥>iS*Wtt3W«nfc 1 nG 
a A 1 PS^i^SWS C iASf* ^ Kfe 

[0S©@fW«C5ftBJ] 

[01] #»B©i& 1 ©3»©0*«:&4*att*J6#* 

T-©^i&^^-r«iEffl§Kffi0f * s. 

[0 2] 3*t«W©^«:»**^- 1 0 A©H?jfE • ttEEft 

[03 ] #891©|fc**?- 1 0 A©><> K*JS**-T«E 

[04] 04 (a) «. KfEOfcmfll*?<Dfltfi** 
■T«B«fllfiHgr 04 (b) H, Pttffl^T- 

©«wt£EWtt**-ry5 7igr**. 
[05] »56«^-©i63esai«»^*«-r«iwia-c*s. 

ra*>%. FIB (a) «^*ST-©«BS^S0-C*O. 

I5i0 (b) afox-xiicfioftjutiB^f«iir 

[06] »*3R^©*a^«tt**-J-^7ia"C*4. 
[07] *»W<of6**^- 1 0 A i^*^©^fe?R^© 

[0 8] *mjxom2 <Dmm<D^mc%i>^mwmtm 
K>mm zm? mmmmm v $> & . 

[09] *ftH©93©^©^flfcffi2^iM*ft£* 



C8) 
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im 1 0 ] m 1 (DU^m<D I n G a A 1 P^<D^a**|fc 
[011] m2 (Dfe*m(D I n G a A 1 P3fc©30§flgS 
[012] HI 3 I n G a A 1 P»(D¥SW*#6 

ioa-c ¥m»&ytm* 

IK 101 niGaAsIS(250Mm) 

102 nSGaAs^-;77l (0. 5Mm) 

103 nSInGaAlP^7^Fl(0. 6 



1 2, 
1 3, 
Mm) 
1 4, 



10 



«fH¥1 1 -3 0 7 8 1 0 
14 

*15, 105 pSInGaAlP^7^Fi(l. 0 
Mm) 

16,106 i Tommmm 

17, 107 pwmm 

18, 108 nfflij^@ 

2 1 pfGaA 1 A stplH'O K+> * y'M 
22 piGaAs : C3>^ hJl 
2 3 nSInAl P*i*:/n * ?M 
2 4 #JEWJB 

2 5 pSGaAsIS (2 5 0 Mm) 
2 6 I n Ga A 1 P ^M^FSaiStfeH 

109 pSGaAl Ast^fiti 

110 p 1G aAs : Zn3>^^H 



104 I n G a A 1 P fi§ttH < 0 . 3 urn) * 
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